The arthritic syndrome induced in rats by an intradermal injection of a fine suspension of dead mycobacteria in liquid paraffin was first described by Stoerk, Bielinski, and Budzilovich (1954) and later studied in detail by Pearson (1956 Pearson ( , 1959 . The syndrome is characterized by the appearance of inflamed lesions, called secondary lesions, remote from the injection site after a delay of approximately 10 days. The mechanisms involved in the development of secondary lesions are still obscure. There is little evidence to support the idea that an infectious agent is involved (Sharp, Waksman, Pearson, and Madoff, 1961) , although Jones and Ward (1963) , from their histological studies, consider that this is still a possibility. It is also unlikely that an auto-immune mechanism resulting from tissue damage at the injection site is involved, since Ward and Jones (1962) showed that, whilst the development of secondary lesions was prevented by removing the depot within 2 hours of injecting adjuvant into the tail, removal after this time had no effect. Considerable evidence has been presented which suggests that secondary lesions are the result of a delayed hypersensitivity response to disseminated antigen which is probably derived from the injected tubercle bacilli (Waksman, Pearson, and Sharp, 1960) .
However, most of this evidence is indirect and little is known about the precise steps involved. Recently, it was shown that a pre-requisite for the development of secondary lesions was the presence of adjuvant in the lymphatic system (Newbould, 1964) . Because of the association between lymph nodes and antibody production, regional lymph nodes may play an important role in the development of secondary lesions. Previous attempts to interfere with the development of secondary lesions by removal of the popliteal lymph node draining the injection site in the foot were unsuccessful (Waksman and others, 1960) . However, adjuvant injected into the foot pad is disseminated to many nodes (Newbould, 1964) . It therefore seemed likely that more lymph nodes would have to be removed before their significance in the development of the syndrome could be assessed.
The object of the work reported here was to study the effect of removal of draining lymph nodes on the development of secondary lesions when the nodes were removed at the time of injection of adjuvant and at intervals thereafter. Production of Arthritis.-The arthritic syndrome was induced by an injection of 0 05 ml. of a fine suspension of dead tubercle bacilli in liquid paraffin B.P. (5 mg./ml.) intradermally into the right hind foot-pad or intradermally into the middle of the right flank. Tubercle bacilli were derived from human strains, '"PN", "DT", and "C", which were grown for 8 weeks, killed by steam, and dried in a vacuum oven. The development of the arthritic syndrome was followed by measuring with a micrometer, the swelling in the hind feet across a sagittal section (Newbould, 1963) . The severity of secondary lesions was assessed in each rat as nil (0); mild (1); moderate (2); moderately severe (3); or severe (4). The figures in parenthesis were used to give the total secondary lesion score in each group of rats.
Removal of Lymph Nodes.-Lymph nodes were excised from rats anaesthetized with pentobarbitone and weighed on a torsion balance. They were named according to the nomenclature of Sanders and Florey (1940) .
Experiment I Five groups of three rats were used. Lymph nodes were removed from the right side immediately before 392 LYMPH NODES IN EXPERIMENTAL ARTHRITIS injection of adjuvant into the right hind foot-pad, as follows:
Group 1: Popliteal; Group 2: Popliteal, inguinal, para-aortic; Group 3: Popliteal, inguinal, para-aortic, renal and internal axillary; Group 4: Nodes left intact but rats otherwise submitted to the same operative procedures as used in Group 3; Group 5: No operation. Fifteen days after injection, the total secondary lesion score, increase in thickness of the left hind-foot, change in body weight, and weights of the remaining lymph nodes were measured.
Experiment 2a Eleven groups of four rats were injected with adjuvant into the right hind foot-pad on Day 0. On each of Days 1, 3, 5, 7, and 9 after injection, the popliteal, inguinal, para-aortic, renal, and internal axillary nodes were removed from the right side of four rats and weighed. At each of the above times the same lymph nodes were exposed in another group of four rats. These nodes were left intact and the incisions closed. One group of four rats was not operated upon. 15 days after injection secondary lesions were recorded as present or absent and the body weight change from Day 0 was assessed.
Experiment 2b
Eleven groups of four rats were injected with adjuvant intradermally into the middle of the right flank on Day 0. On each of Days 1, 3, 5, 7, and 9 after injection, the right inguinal and internal axillary nodes were removed from four rats and weighed. At each of the above times the contralateral nodes were removed from another four rats. One group of four rats was not operated upon. 15 days after injection, secondary lesions were recorded as present or absent and the body weight change from Day 0 was assessed.
Results
Experiment 1.-Removal of the popliteal lymph node from the right leg before injection of adjuvant into the right hind foot-pad did not prevent the development of secondary lesions which were almost as severe as those in sham-operated or un-operated controls (Fig. 1) . Secondary lesions, although less severe, developed in all rats from which the popliteal, inguinal, and para-aortic lymph nodes had been removed. However, when all the major lymph nodes draining the right injected site had been removed, secondary lesions failed to develop in two out of three rats, and in these two animals there was no increase in thickness of the left hind foot, and weight gain was appreciable. Thus, when nodes adjacent to the injection site are removed, other draining nodes, more remote, are still apparently involved in the development of secondary lesions and all must be removed to obtain complete inhibition. The rat which developed mild secondary lesions after having had all its draining nodes removed illustrates a phenomenon which has been repeatedly encountered. In this rat, collateral lymphatic connexions were apparently present, for the para-aortic node on the left side was grossly enlarged and weighed 120 mg. In contrast, the left para-aortic nodes from the other two rats in this group weighed 45 and 30 mg. respectively and those from the other rats in this experiment had a mean weight of43 mg. (Table 1) . However, all rats from which the draining nodes were removed after Day 5, i.e. on Days 7 and 9, developed secondary lesions on Day 10. The presence of secondary lesions was reflected in a loss of body weight.
The popliteal, inguinal, and para-aortic nodes, which are close to the injection site, increased rapidly in weight during the first 5 days (Fig. 2) . 
AXI LLARY
The weight of the internal axillary node, which is more remote from the injection site, increased gradually during the period of the experiment.
Experimlentt 2b.-To confirm the above observation, groups of rats were injected with adjuvant intradermally into the middle of the right flank and the inguinal and axillary nodes, which are the principal nodes draining this site, were removed at intervals after injection. As in Experiment 2ai. removal of the draining nodes before Day 5 prevented the development of secondary lesions in all but one rat, whilst removal after Day 5 did not interfere with the development of the syndrome (Table 11 , opposite). The axillary node draininlg the injection site increased rapidly in weight durinig the first 7 days, whilst the weights of the contralateral axillary nodes remained relatively conlstanit (Fig. 3, opposite) . Discussion Waksman and others (1960) suggested that anl immunological reaction is involved in the development of secondary lesions in rats injected with adjuvant intradermally. More recently, Waksml-an and Wennersten (1963) have suggested that this reaction is of the delayed or cellular type, because the syndrome could be passively transferred in inbred rats with suspensions of viable lymph node cells. The identity of the antigen is unknown, but it is thought to be a component of the tubercle bacillus which has become disseminated after in-jection.
The results obtained in the present study clarify the events which take place between the injection of adjuvant on Day 0 and the appearance of secondary lesions oni Day 10. If all the draining lymph nodes are removed before the injection of adjuvanit, secondary lesions fail to develop in most of the rats. Thus, lymph nodes draining the site into whichi (1963) in a study of the role of draining lymph nodes in the development of hypersensitivity to chemical sensitizing agents in the guinea-pig. They found that removal of the draining nodes within 4 days of applying the sensitizing agent inhibited the development of skin sensitivity, whilst removal after 4 days had no effect. Studies of the cellular changes within the draining node 4 days after applying the sensitizer revealed a peak in the development of large pyroninophilic cells which they believe to be the precursors of immunologically competent lymphocytes involved in the skin reaction. In the development of the rat arthritis syndrome, the increase in weight of lymph nodes adjacent to the injection site may be a reflection of increased activity within the nodes. We are now investigating the cellular changes in the draining nodes of rats with adjuvant-induced arthritis to see if they are similar to those described by Turk and Stone (1963) 
